Infection of the eye can result in conjunctivitis, keratitis, endophthalmitis, and other infections that are responsible for increased incidences of morbidity and blindness worldwide.[@b1-jep-4-063] These infections are common occurrences in the tropics and in resource-poor countries as a result of poor hygiene and environmental contaminants. Furthermore, the problems of resistance, adverse responses, and the high cost of established antibiotic compounds have given rise to the search for new anti-infective agents from natural sources for better therapeutic effects.[@b2-jep-4-063],[@b3-jep-4-063]

Stingless bee honey (SBH) -- a natural product from a diverse group of highly eusocial bees (ie, meliponines) that comprise the tribe Meliponini in the family Apidae -- has shown therapeutic potential in current research.[@b4-jep-4-063],[@b5-jep-4-063] Undiluted SBH was found to be bactericidal for many pathogenic organisms, including various Gram-negative and Gram-positive bacteria.[@b4-jep-4-063] In another study, SBH was more potent than the standard antibiotics against both Gram-positive and Gram-negative bacteria.[@b6-jep-4-063] In a recent study, undiluted SBH and SBH at concentrations of 60% or more were effective against isolated agents of conjunctivitis.[@b7-jep-4-063] However, in most of these studies, the inhibition of bacterial growth was demonstrated with the use of in vitro methods. There are very few in vivo studies of the use of SBH for the treatment of eye diseases. In the current study, guinea pig conjunctivae were infected with isolates of *Staphylococcus aureus* and *Pseudomonas aeruginosa* from infective human conjunctivitis and treated with SBH or a standard antibiotic, with the aim of investigating the efficacy of SBH for the treatment of infective conjunctivitis.

Materials and methods
=====================

Bacterial cultures
------------------

Cultures of *S. aureus* and *P. aeruginosa* were obtained from the microbiology unit of the Central Regional Hospital, Cape Coast, Ghana. These strains were isolated from patients with infective conjunctivitis who reported to ophthalmologic unit of the hospital. The isolates were identified by standard bacteriological techniques. Suspensions of various isolates were prepared by culturing a specimen (ie, single colony) of each isolate, which was picked up from a pure culture on a plate with a standard loop and placed into 10 mL of nutrient broth. These isolates were then incubated for 24 hours at 37°C.

Collection of honey
-------------------

A matured honey that had been sealed in pots within stingless bee (*Meliponula* spp.) hives located at the International Stingless Bee Centre at Abrafo, near Kakum National Park in Ghana, was used for this study. The collection was performed with disposable syringes. During collection, the sealed portion of the pot was carefully broken with a sterile needle. The tip of the sterile disposable syringe was dipped into the opening of the honey pot. The honey was carefully drawn with the syringe, transferred into an empty sterile container, and covered immediately. This container was then kept in a cool, dry place. The pH of the SBH that was collected was determined with a pH meter.

The experimental animals
------------------------

A total of 30 adult guinea pigs of both sexes between the ages of 4 and 6 months old and weighing 405 g ± 50 g were obtained from the Animal Laboratory of the School of Biological Sciences, University of Cape Coast, Ghana. The animals were housed singly in polyacrylic cages (34 cm × 47 cm × 18 cm) with soft wood shavings as bedding; they were fed with a normal commercial pellet diet (GAFCO, Tema, Ghana), given water ad libitum, and maintained under laboratory conditions (ie, temperature 28°C ± 2°C, relative humidity of 60%--70%, and a normal light--dark cycle). All procedures with animals were performed in accordance with the Association for Research in Vision and Ophthalmology Statement for the Use of Animals in Ophthalmic and Vision Research. The protocols for the study were approved by the University of Cape Coast's Departmental Ethics Committee.

The animals were divided into two main groups, with animals A through O and 1 through 15 representing the *S. aureus* and *P. aeruginosa* groups, respectively. In each group, the animals were subdivided into three groups of five each: the SBH group, the gentamicin group, and the control group. Animals A through E belonged to the gentamicin group, animals F through J were in the SBH group, and animals K through O served as the control group for *S. aureus* conjunctivitis. Similarly, animals 1 through 15 were equally subdivided into SBH, gentamicin, and control groups to study the treatment of *P. aeruginosa* conjunctivitis.

Induction of bacterial conjunctivitis
-------------------------------------

To induce conjunctival infection, the method proposed by Al-Waili[@b8-jep-4-063] was adopted. Each animal was anesthetized with a ketamine hydrochloride injection (10 mg/kg intramuscularly), and a drop of 1% ametocaine topical anesthetic agent was instilled into the cornea of the right eye. A small abrasion was then made on the conjunctiva of the right eye of each animal. Specimens from the bacterial suspensions were taken with the standard loop and inoculated onto each animal's abraded conjunctiva.

Observation
-----------

Forty-eight hours after inoculation, swabs of discharge were taken from the eyes of the test animals and cultured to confirm the growth of microorganisms before treatment commenced. The assessment of the conjunctival infection was based on local signs of edema, the size of the conjunctival sac, any redness and discharge that were present, and daily swabbing for culture.

After confirming the presence of infection, the animals in the SBH groups were treated with one drop of SBH twice daily at 12-hour intervals. The animals in the gentamicin groups were treated in the same manner as the SBH group. The animals in the control groups were left untreated.

The presence or absence of conjunctival redness, the narrowing of the palpebral fissure, and swelling or discharge were observed and recorded daily. Swabs were taken every morning to monitor for the number of days of positive cultures for a 14-day period. After the 14th day, animals that still yielded a heavy growth of microorganisms that appeared to threaten their sight were withdrawn from observation, and rescue treatment was administered.

Data analysis
-------------

Data was subjected to descriptive analysis with the use of the Statistical Package for Social Sciences software (version 16.0; SPSS Inc, Chicago, IL) to generate frequencies and proportions. Continuous numerical data were captured as means and standard deviations, and categorical data were presented as percentages. The independent *t*-test was used to compare proportions of variables that were measured between groups. A *P* value of less than 0.05 was considered to be statistically significant.

Results
=======

Daily conjunctival swabbing revealed heavy growth of *S. aureus* and *P. aeruginosa* 4 days and 2 days after the inoculation of the animals, respectively. The results of the effects of SBH and gentamicin on *S. aureus* and *P. aeruginosa* are shown in [Tables 1](#t1-jep-4-063){ref-type="table"} and [2](#t2-jep-4-063){ref-type="table"}, respectively. [Figure 1](#f1-jep-4-063){ref-type="fig"} presents the mean days of complete resolution after treatment with gentamicin or SBH, which commenced on the 5th day.

Effect of stingless bee honey or gentamicin on conjunctival infection due to *S. aureus*
----------------------------------------------------------------------------------------

In the *S. aureus* gentamicin group, all five of the animals developed redness and swelling of the conjunctiva, with one animal having a narrowing of the palpebral fissure. The culturing of the conjunctival swabs revealed positive growth during five days of observation. In the SBH group for this bacteria, all five guinea pigs developed redness and swelling, with two of them having a narrowing of the palpebral fissure. Culture became negative after 4 days of treatment with SBH. The complete resolution of local signs of inflammation was observed on the 6th day after treatment in the gentamicin group and on the 5th day after treatment in the SBH group. However, the difference was not significant (t~\[0.05,\ 8\]~ = 1.50) (*P* = 0.172). In the *S. aureus* control group, all five guinea pigs developed redness and swelling, with one showing a narrowing of the palpebral fissure and pus discharge. The cultures of the conjunctival swabs were still positive after 14 days. [Table 1](#t1-jep-4-063){ref-type="table"} shows the effects of SBH or gentamicin eyedrops on *S. aureus*-induced conjunctival infection.

Effect of stingless bee honey or gentamicin on conjunctival infection due to *P. aeruginosa*
--------------------------------------------------------------------------------------------

The results of effects of SBH or gentamicin on conjunctival infection caused by *P. aeruginosa* are presented in [Table 2](#t2-jep-4-063){ref-type="table"}. Five of the animals in this group died 1 day after the commencement of treatment: one each from the SBH and gentamicin groups and three from the control group. The rest of the animals in each group developed both swelling and redness, with one each from the control and gentamicin groups demonstrating a narrowing of the palpebral fissure. The culturing of the conjunctival swabs yielded no growth on the 3rd day after SBH treatment and on the 5th day after gentamicin treatment. The complete resolution of local signs of inflammation was observed on the 6th day after treatment in the gentamicin group and on the 4th day after treatment in the SBH group; this difference was significant (t~\[0.05,\ 6\]~ = 5.657) (*P* = 0.001). When SBH was administered topically, the mean number of days to the complete resolution of bacterial conjunctivitis caused by *S. aureus* and *P. aeruginosa* was 5.40 days ± 0.55 days and 4.25 days ± 0.50 days, respectively; this difference was statistically significant (t~\[0.05,\ 7\]~ = 3.248) (*P* = 0.014).

In the control group, the culture was still positive after 14 days. All of the animals in the control group were eventually treated with gentamicin for 4 days as rescue measure.

Discussion
==========

Few studies have reported about the use of honey for the treatment of eye diseases. Bacterial corneal ulcers, blepharitis, and catarrhal conjunctivitis have been treated with natural honey.[@b9-jep-4-063],[@b10-jep-4-063] There is evidence from in vitro studies that SBH could be as effective as first-line antibiotic for the treatment of common ocular diseases.[@b4-jep-4-063],[@b5-jep-4-063],[@b8-jep-4-063] In this study, we investigated the antimicrobial activity of SBH in experimental animals. The main objective of our study was to compare the efficacy of SBH to that of a first-line antibiotic agent for the treatment of infective conjunctivitis.

The results demonstrated that SBH has potent antimicrobial activity against common ocular pathogens and that this activity is comparable to that of gentamicin. The topical application of SBH to infected conjunctiva eradicated bacterial infections and reduced both sign of inflammation and the duration of infection. The SBH was more effective than gentamicin against *P. aeruginosa*: the time to the complete resolution of inflammation was significantly shortened when SBH was used for the treatment of bacterial conjunctivitis caused by this agent. These results were observed with the application of one drop of SBH on the conjunctiva twice daily at 12-hour intervals. Our findings corroborate the previous report by Al-Waili,[@b8-jep-4-063] in which bacterial conjunctivitis caused by a variety of human pathogens -- including *Proteus* spp, *S. aureus*, *Escherichia coli*, *P. aeruginosa*, and *Klebsiella* spp -- was treated successfully with the topical application of honey.

The microorganisms used in this study are common ocular pathogens. *S. aureus*, is the most common and most frequently isolated pathogen found in patients with infective conjunctivitis.[@b8-jep-4-063],[@b11-jep-4-063] *P. aeruginosa* is notoriously resistant to antibiotics,[@b12-jep-4-063] and it is commonly found in patients with corneal ulcers[@b13-jep-4-063] and contact lens wearers.[@b13-jep-4-063]--[@b15-jep-4-063] The results of these studies represent an encouraging trend in the ongoing search for easily accessible, nonresistant, anti-infective agents.

The antimicrobial activity of SBH has been attributed to several properties of honey, including its osmotic effect and acidity as well as its inclusion of hydrogen peroxide, phytochemical factors, and several tetracycline derivatives.[@b16-jep-4-063] Gentamicin is an aminoglycoside that has been shown to be an effective first-line, broad-spectrum antibiotic.[@b17-jep-4-063] It is rapidly bactericidal, and it inhibits protein synthesis by combining with mRNA. It is promising to find that gentamicin's potency is comparable to that of SBH and to know that SBH may serve as an effective substitute in the event of the therapeutic failure of the drug.

The pH of the SBH collected from the International Stingless Bee Center was 3.8. Our results are in the range that has been reported by other studies;[@b18-jep-4-063],[@b19-jep-4-063] these studies also mentioned that honey is characteristically quite acidic, with its pH being between 3.2 and 4.5. The acidity was found to be caused by gluconolactone or gluconic acid. Acidification has been shown to promote healing by causing oxygen to be released from the body's hemoglobin.[@b19-jep-4-063] The pH of the ocular tear film is 7.4; however, the eye can tolerate eye medications in lower ranges, with slight discomfort.[@b20-jep-4-063] This may explain why the animals in the SBH group showed signs of discomfort; they attempted to use their forelegs to wipe the substance off of their eyes. However, with the appropriate standardization of the minimum inhibition concentration, the therapeutic application of honey for eye infections could effectively complement standard antibiotics with minimal irritation or stinging of the eyes.

The cause of death of some of the animals could not be readily ascertained. However, it cannot be attributed to the effect of the SBH, because there were more deaths in the control and gentamicin groups than the SBH group. However, a major limitation of this study was that the lengths of the abrasions made on the conjunctivae of the animals were not equal, and this may have influenced the extent of infection in each animal. Nevertheless, these findings expand the potential therapeutic uses of SBH for eye diseases and provide a basis for further study.
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###### 

Effect of the conjunctival application of stingless bee honey or gentamicin for the treatment of bacterial conjunctivitis caused by *Staphylococcus aureus*

                                                       Gentamicin group   Stingless bee honey group   Control group
  ---------------------------------------------------- ------------------ --------------------------- ---------------
  Redness (no of guinea pigs)                          5                  5                           3
  Swelling (no of guinea pigs)                         5                  5                           3
  Narrowing of palpebral fissure (no of guinea pigs)   1                  2                           1
  Pus (no of guinea pigs)                              0                  0                           1
  Death (no of guinea pigs)                            0                  0                           2
  Positive culture (mean no of days)                   5 ± 0.45           4 ± 0.40                    14
  Complete resolution (mean no of days)                6 ± 0.707          5 ± 0.55                    0
  Rescue method (average no of days)                   0                  0                           14

###### 

Effect of the conjunctival application of stingless bee honey or gentamicin for the treatment of bacterial conjunctivitis caused by *Pseudomonas aeruginosa*

  Variable                                             Gentamicin group   Stingless bee honey group   Control group
  ---------------------------------------------------- ------------------ --------------------------- ---------------
  Redness (no of guinea pigs)                          5                  5                           2
  Swelling (no of guinea pigs)                         5                  5                           2
  Narrowing of palpebral fissure (no of guinea pigs)   1                  0                           1
  Pus (no of guinea pigs)                              0                  0                           0
  Death (no of guinea pigs)                            1                  1                           3
  Positive culture (average no of days)                5 ± 0.65           3 ± 0.45                    14
  Complete resolution (average no of days)             6.25 ± 0.50        4.25 ± 0.50                 0
  Rescue method (average no of days)                   0                  0                           14
